It is unclear whether the higher rate of colorectal cancer (CRC) among non-Hispanic blacks (blacks) is due to lower rates of CRC screening or greater biologic risk. OBJECTIVE: We aimed to evaluate whether blacks are more likely than non-Hispanic whites (whites) to develop distal colon neoplasia (adenoma and/or cancer) after negative flexible sigmoidoscopy (FSG). DESIGN: We analyzed data of participants with negative FSGs at baseline in the Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial who underwent repeat FSGs 3 or 5 years later. Subjects with polyps or masses were referred to their physicians for diagnostic colonoscopy. We collected and reviewed the records of diagnostic evaluations. PARTICIPANTS: Our analytic cohort consisted of 21,550 whites and 975 blacks. MAIN MEASURES: We did a comparison by race (whites vs. blacks) in the findings of polyps or masses at repeat FSG, the follow-up of abnormal test results and the detection of colorectal neoplasia at diagnostic colonoscopy. KEY RESULTS: At the follow-up FSG examination, 304 blacks (31.2 %) and 4183 whites (19.4 %) had abnormal FSG, [adjusted relative risk (RR)=1.00; 95 % confidence interval (CI), 0.90-1.10]. However, blacks were less likely to undergo diagnostic colonoscopy (76.6 % vs. 83.1 %; RR=0.90; 95 % CI, 0.84-0.96). Among all included patients, blacks had similar risk of any distal adenoma (RR=0.86; 95 % CI, 0.65-1.14) and distal advanced adenoma (RR=1.01; 95 % CI, 0.60-1.68). Similar results were obtained when we restricted our analysis to compliant subjects who underwent diagnostic colonoscopy (RR=1.01; 95 % CI, 0.80-1.29) for any distal adenoma and (RR=1.18; 95 % CI, 0.73-1.92) for distal advanced adenoma. CONCLUSIONS: We did not find any differences between blacks and whites in the risk of distal colorectal adenoma 3-5 years after negative FSG. However, follow-up evaluations were lower among blacks.
INTRODUCTION
In the United States, blacks have the highest incidence of and mortality from colorectal cancer (CRC). 1 Studies have suggested that CRC racial disparities may be related to lower access to health care services, and previous studies have reported that black-white differences are attenuated after controlling for indicators of healthcare access. [2] [3] [4] Conversely, other studies have shown that CRC disparities persist among insured patients, 5 and blacks are more likely to be diagnosed with CRC at an earlier age 6 and with right-sided tumors. 7 These findings raise the possibility of biologic differences. At the present time, different organizations have recommended different ages of screening for blacks, starting at 40 years, 8 45 years, 9, 10 or 50 years. 11 This may lead to confusion among care providers, and studies have reported that blacks in the Medicare population were more likely to undergo early repeat colonoscopy without clear justification. 12, 13 Previous studies on CRC disparity by race have focused on prevalence of colorectal neoplasia 1, 6, 7, 14, 15 and recurrence of adenoma following polypectomy. [16] [17] [18] However, blacks may be more susceptible to CRC due to an increased risk of developing incident neoplasia. Therefore, we evaluated racial differences in subsequent development of adenoma and advanced adenoma among 22,525 non-Hispanic whites (whites) and non-Hispanic blacks (blacks) in the Prostate, Lung, Colorectal, and Ovarian cancer screening trial (PLCO) who had negative flexible sigmoidoscopy (FSG) at baseline and underwent repeat FSG 3 or 5 years later.
METHODS
The Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO)
The design and results of PLCO have been published. [19] [20] [21] In brief, PLCO was a multicenter, randomized controlled trial that evaluated the effect of screening on prostate, lung, colorectal, and ovarian cancer mortality. A total of 154,910 subjects, aged 55-74 years, were recruited from November 1993 to July 2001. Participants in the intervention arm were offered trial-sponsored screening FSG at baseline and 3 years later in ten screening centers across the United States. In April 1995, the FSG protocol was modified, and the repeat FSG was performed at 5 years rather than 3 years. The screening protocol adopted in the PLCO did not include biopsy; rather, subjects with screen-detected abnormalities were referred to their physicians for diagnostic evaluations. An adequate FSG in PLCO trial was defined as a procedure in which the depth of insertion of the sigmoidoscope was at least 50 cm with an adequate visual inspection of ≥ 90 % of colonic mucosal. Extra efforts were made to recruit minorities. 22 The study was approved by the National Cancer Institute and the Institutional Review Boards of the screening centers. All participants gave written informed consent.
For the current study, we excluded participants with prior history of colorectal polyps and those with colon examination up to 3 years prior to enrollment, because their risk of colorectal neoplasia may be altered by prior screening experience. Our analytic cohort (i.e., all participants in this study) included 22,525 whites and blacks with known highest level of education attained (our surrogate for socioeconomic status), who had adequate FSG at baseline in which no polyp or mass was found, and who underwent repeat FSG after 3 years (n=4254, 18.9 %) or 5 years later (n=18,271, 81.1 %).
Exposure and Outcome Assessment
Information on each subject's characteristics and medical history was obtained at baseline. Race-ethnicity classification was based on participant's self identification. Physician and non-physician examiners followed standardized procedures to perform the 60-cm FSG. The finding of a polyp or mass was considered a positive screen. This was discussed with the participant and referred to his or her physician for follow-up evaluation. Diagnostic examinations were expected to be completed within a year, but the cost was not covered by PLCO.
The results of subsequent diagnostic colonoscopies were obtained and reviewed. The endoscopists' colonoscopy reports provided information on size, multiplicity, and location of polyps. Histology and degree of atypia were determined by community pathologists and abstracted from the medical records. Our main outcome of interest is the finding of colorectal adenoma and/or cancer (colorectal neoplasia). We defined an advanced adenoma as an adenoma with size ≥ 10 mm; villous or tubulovillous histology; high-grade dysplasia; or invasive cancers. The location of polyps removed from rectosigmoid to splenic flexure was defined as distal, while proximal location included transverse colon to cecum.
Statistical Analyses
Statistical Analysis Systems (SAS) software version 9.1.3 (SAS Institute Inc, Cary, NC) was used for all analyses. We compared the baseline characteristics of participants by race. Among participants with negative baseline FSG, we compared subjects who underwent repeat FSG at 3 or 5 years with those who did not. We also compared subjects who underwent diagnostic colonoscopy with those who did not among participants with positive repeat FSG. We used the t test and chisquare tests for continuous and categorical variables, respectively. We evaluated the association of race with the risk of subsequent abnormal FSG, any distal adenoma and distal advanced adenoma among all included subjects, since this was the colon subsite examined at baseline. We also evaluated the association of race with the risk of any adenoma, advanced adenoma and their locations among compliant participants with abnormal repeat FSG who underwent diagnostic colonoscopy. Due to the differences in recruitment of minorities, we also compared the detection of adenoma by race by screening centers. Based on the overall 5 % enrolment of blacks in PLCO, we defined high minority centers as those with enrolment of blacks of 5 % or more (n=3) and the remaining centers as low minority centers (n=7). We also conducted sensitivity analyses and imputed data to mitigate differences by race in the receipt of diagnostic colonoscopy.
We used log-binomial regression modeling to evaluate the associations, and used the COPY method to find the maximum likelihood estimates when the model did not converge. 23, 24 Our full models included race, educational status, age, sex, body mass index, smoking status, family history of colorectal cancer, year of repeat FSG (year 3 vs. year 5) and screening center. We calculated relative risks (RR) of blacks vs. whites with 95 % confidence intervals (CI).
RESULTS

Characteristics of the Participants
A total of 32,726 participants (31,117 whites and 1609 blacks) had negative FSG at baseline and were eligible for this study, but a slightly higher percentage of blacks (n= 634; 39.4 %) as compared to whites (n=9567; 30.7 %) did not undergo repeat FSG at year 3 or year 5 (p value<0.001) and were excluded from this analysis (Fig. 1) . When compared to the remaining 22,525 participants included in the present study, those who did not undergo repeat FSG (n=10,201) had a slightly higher percentage of blacks (6.2 % vs. 4.3 %, p<0.001). Table 1 shows the baseline characteristics of 22,525 participants who underwent repeat FSG. Overall, there were 21,550 (95.7 %) whites and 975 (4.3 %) blacks, 11,758 (52.2 %) men, and 8941 (39.7 %) were 59 years old or less. White participants had higher formal education and higher percentage of subjects with a family history of CRC, but were less likely to be obese when compared to blacks. A higher percentage of blacks were women. Similar percentages of whites and blacks underwent FSG at year 3 and year 5.
Repeat Screening FSG (Year 3 or 5) and FollowUp Diagnostic Evaluations
In univariate analysis, blacks, increasing body mass index and history of cigarette smoking were associated with an increased risk of positive FSG screening ( when compared to whites, blacks were less likely to undergo diagnostic evaluations (RR=0.90; 95 % CI: 0.84-0.96).
Colorectal Neoplasia (Adenoma and/or Cancer) Among All Patients Included in the Study
Out of 3710 subjects with diagnostic colonoscopies, 1061 (28.6 %) had distal colorectal neoplasia detected (1008 among whites and 53 among blacks). When all participants included in this study was considered (n=22,525), blacks had similar risk of any distal adenoma (5.4 % blacks vs. 4.7 % whites, RR=0.86; 95 %CI: 0.65-1.14) and distal advanced adenoma (1.7 % blacks vs. 1.2 % whites, RR=1.01; 95 %CI: 0.60-1.68) ( Table 3) . Of note, distal adenoma detection rate was 5.2 % among blacks vs. 6.5 % among whites (p=0.221) in high minority centers and 5.9 % among blacks vs. 4.3 % among whites (p=0.168) in low minority centers.
Colorectal Neoplasia (Adenoma and/or Cancer) Among Compliant Subjects
When we restricted our analysis to only compliant subjects who underwent diagnostic colonoscopy, there was a slightly higher inadequate bowel preparation among blacks as compared with whites (9.9 % vs. 4.1 %; P<0.001) but no difference in reaching the cecum during colonoscopy (96.6 % vs. 97.6 %; P=0.32). The detection of neoplasia was similar by race for any distal adenoma (RR=1.01; 95 %CI: 0.80-1.29) and for distal advanced adenoma (RR=1.18; 95 %CI: 0.73-1.92). Of note, using data from colonoscopy, there were no significant differences in the overall yield of colorectal neoplasia among blacks compared with whites: (RR=1.06; 95 %CI: 0.89-1.26) for any adenoma and (RR=1.27; 95 %CI: 0.90-1.79) for advanced adenoma (Table 4 ). There was no racial difference by number (P = 0.8) or size (P = 0.16) of adenoma.
A total of 22 CRC were diagnosed among all subjects who had diagnostic colonoscopy. Of these, 18 (81.8 %) were diagnosed in stage I or stage II. Of 3477 diagnostic colonoscopies among whites, 19 (0.5 %) CRC were diagnosed while among 233 blacks with diagnostic colonoscopies, three (1.3 %) CRC were diagnosed. Fourteen CRC were diagnosed in the distal colon (12 whites and two blacks).
Sensitivity Analysis
We repeated our analysis and imputed data to mitigate differences in compliance between blacks and whites. Imputing missing data for participants who did not return for T3/5 screen (9567 whites and 634 blacks), or who did not have diagnostic follow-up to a positive screen (706 whites and 71 blacks), yielded the following: among white participants, there will be an estimated 712 additional adenomas, for a total of 1720 adenomas for all 31,117 whites (adenoma rate=5.5 %). Among black participants, there will be an additional 56.3 adenomas, for a total of 109.3 adenomas among 1609 participants (adenoma rate=6.8 %). There was no statistically significant difference in the adenoma rates by race (p=0.56). Limiting the imputation to participants with a positive FSG 
DISCUSSION
In this analysis of a prospective, multicenter, communitybased study involving participants in a screening trial, we did not find any racial difference in subsequent risk of distal colorectal neoplasia within 3-5 years after a negative FSG. We examined the risk of adenoma and advanced adenoma in the distal colon, which was adequately examined with FSG at baseline. There was no difference in the incidence of distal colorectal neoplasia by race. This implies that there may not be appreciable racial differences in the early stages of colorectal carcinogenesis. Black participants, however, were less likely to return for another round of screening after a negative FSG, and were less likely to undergo diagnostic evaluation after an abnormal FSG. This represents a lower uptake of screening and follow-up of screen-detected abnormalities among blacks, and may be an important factor contributing to observed CRC disparities. The diagnostic evaluation was not covered by PLCO, but all participants with abnormal FSG findings were informed of the findings and were referred to their primary care doctors. Therefore, it is conceivable that lack of diagnostic evaluation may be related to healthcare access, but healthcare insurance information of participants was not collected in PLCO, thereby precluding further investigation of this important finding. However, there was also a lower uptake of the free, trial-sponsored FSG by blacks. It is unclear what factors are directly associated with the lower uptake of screening and follow-up by blacks, but we speculate that lack of adequate education about cancer prevention may be playing a major role, and low health literacy has been associated with poorer health outcomes. 25, 26 We surmise that if the lower uptake of screening and follow-up of screen-detected abnormality was simply due to health insurance and healthcare access issues, there would have been similar uptake for the free repeat FSG among blacks and whites. There is a need to improve healthcare access and utilization among blacks before biological differences in colorectal cancer disparities can be adequately evaluated at the population level. Based on our findings, we suggest that a lot of efforts and resources should be committed to getting blacks screened for colorectal cancer, as it appears that addressing access and utilization of preventive services such as screening and timely follow-up of abnormal results will be essential if CRC disparities by race are to be eliminated. Furthermore, it is important for primary care physicians to individualize the CRC screening modality to be recommended for patients, based on their knowledge of the degree of compliance to therapy exhibited by their patients. The poorer follow-up of screen-detected abnormalities among blacks suggests that the use of a modality with polypectomy capability such as colonoscopy, so that abnormalities are addressed during the same evaluation, may be a better approach in this patient population.
We are not aware of any study that has evaluated racial differences in subsequent risk of colorectal neoplasia following negative CRC screening examinations for direct comparison to our study. However, a few studies have evaluated the yield of colorectal neoplasia following a negative screening endoscopy. Krevsky and Fisher 27 reported that out of 69 patients with negative FSG, five patients (7.2 %) had a polyp at repeat FSG a year later, and Rex et al. 28 reported a 6 % incidence rate of adenoma among 259 patients with negative FSG at baseline who underwent repeat FSG after a mean of 3.4 years of followup. There was no advanced adenoma or CRC detected at repeat FSG. Among studies that evaluated the yield of colorectal neoplasia following a negative colonoscopy, Imperiale et al. 29 reported a 16 % incidence rate of adenoma, 1.3 % advanced adenoma and no CRC among 1256 subjects after a mean follow-up of 5.34 years. Rex et al. 30 reported that 41 out of 154 patients with negative baseline colonoscopy had at least one adenoma at the repeat examination 5 years later (incidence rate=27 %), but the incidence rate of advanced adenoma was 0.6 %, and no CRC was detected. Out of 41 patients with incident adenoma, 17 (41.5 %) patients had at least an adenoma in the distal colon. In our study, out of 22,525 participants who underwent repeat FSG at year 3 or 5, a total of 4487 (19.9 %) participants had a polyp or mass visualized. Since 777 participants did not undergo colonoscopy, the rate of incident distal adenoma in this cohort would range from 4.7 % to 8.2 % (4.7 % if all 777 participants did not have an adenoma and 8.2 % if they all did), which is comparable to the 6 % incidence rate of adenoma at repeat FSG by Rex et al. 28 A major strength of our study is that we used prospective data to examine healthcare utilization and biological differences within the same cohort of blacks and whites. We evaluated the detection of colorectal neoplasia 3 or 5 years after a negative FSG screening by race in a large and geographically dispersed cohort of subjects. Also, the screening FSG were performed by physician and non-physician endoscopists (registered nurses, nurse practitioners, and physician assistants) who met quality standards with comparable adenoma detection rates. 31 Furthermore, the diagnostic colonoscopies were arranged by participants' physicians and performed by Our study has limitations. Blacks were under-represented in PLCO, despite intense efforts to recruit minorities. In PLCO, 5 % of participants were black as compared to an age-eligible U.S. population that was 9.5 % black. Although our inference was unchanged when we imputed data and repeated our analysis, the differential rates of adherence to PLCO screening protocol and colonoscopy follow-up after an abnormal FSG by race still raise the possibility that a difference may exist that was not detected, especially with our limited sample size of blacks.
In conclusion, we did not observe any difference in the detection of distal colorectal neoplasia among whites and blacks in PLCO within 3-5 years of a negative FSG, but the uptake of screening and follow-up of screen-detected abnormalities were lower among blacks.
